Introduction
The HNK-1 epitope is present in the extracellular matrix and cell membranes on many different glycoproteins, glycolipids, and proteoglycans. Some of these molecules are implicated in cell-cell and cell-substratum interactions, such as the neural cell adhesion molecule (NCAM), myelinassociated glycoprotein (MAG), L1 protein, transiently expressed axonal glycoprotein-1 (TAG-1), and P0 glycoprotein (McGarry et al. 1983; Kruse et al. 1984; Bollensen and Schachner 1987; Dodd et al. 1988 ). The HNK-1 epitope is spatially and temporally regulated during the development of the nervous system (Schwarting et al. 1987; Yoshihara et al. 1991) . These lines of evidence indicate that the HNK-1 carbohydrate epitope plays crucial roles in cellcell and cell-substrate interactions such as cell adhesion, migration, and neurite extension. The role of the HNK-1 epitope in the eye may be to structurally stabilize the ciliar Center for Biotechnology Information site (NCBI; http:// www.ncbi.nlm.nih.gov) and the Japanese "GenomeNet WWW Server" at (http://www.genome.ad.jp). The analysis of the protein sequence was performed using the tools available at the ExPASY Molecular Biology Server (http://www.expasy.ch) and the Baylor College of Medicine (BCM) Search Launcher (http://searchlauncher.bcm.tmc. edu:9331).
Molecular analysis.
In order to confirm the intron-exon structure of GlcAT-S, the exons were amplified from genomic DNA using primers designed to their intronic flanking sequences (Table 1 ). The polymerase chain reaction (PCR) products were purified and sequenced as described elsewhere (Marcos et al. 2000) .
Expression analysis. Expression analysis was performed using a multitissue Northern blot (Clontech, PaloAlto, CA, USA) and a radioactively labeled cDNA probe (nt 145-420). The cDNA probes were obtained by PCR from Marathon-Ready cDNA of the human retina. PCR conditions included an initial denaturation for 5 min at 94°C, followed by 35 cycles of denaturation at 94°C for 1 min, annealing at 59°C for 1 min, and an extension at 72°C for 1 min. PCR was terminated after final extension at 72°C for 7 min. The primers used were GlcAT-SF (ATGCGAA CCACCCGCAAGGTCTCC) and GlcAT-SR (TCAAT TTTCACTGTGTCCAGGTGG). Hybridization and washing conditions were as recommended by the manufacturer.
Results and discussion
Since the complete coding region of the rat GlcAT-S was available from the databases (AB010441), we compared this sequence to those stored in the NCBI and the Japanese GenomeNet databases, using the tBLASTn tool. These searches identified a human expressed sequence tag (EST) clone (AA421030) and two genomic clones (AL121961 and AL450320).
Alignment of the genomic clones and the rat GlcAT-S cDNA sequence revealed a genomic organization of four exons spanning approximately 85 Kb of genomic DNA (Fig.  1A) . The sequence of the cDNA indicates an open reading frame of 972 bp, encoding a protein of 324 amino acids. GlcAT-S introns range between 80 bp and 32 Kb in size, and the gene also has flanking sequences that perfectly match the 5Ј and 3Ј consensus splice-site sequences (Table  2) . A silent transition with a frequency of 0.36 (147CϾT) was identified in the molecular analysis of GlcAT-S and was confirmed by BglI restriction analysis among 50 control subjects. The GlcAT-S transcript appears in the trachea and retina (Fig. 1B) . These results are in accordance with the expression of GlcAT-P and GlcAT-S in the rat adult brain or the embryonic brain including the retina (Shimoda et al. 1999; Nagase et al. 2000) .
The hydropathy analysis using the TMPred program (http://www.expasy.ch) of the GlcAT-S protein revealed a transmembrane region between amino acids 7 and 25 at the N-terminal end. Next to the transmembrane region, between amino acids 30 and 79, the GlcAT-S protein contains a proline-rich domain. GlcAT-S shows 89% homology with the rat protein, with the highest identity being found in the C-terminal catalytic domain, which contains four highly conserved regions, named motifs I-IV, as previously reported elsewhere (see Fig. 2 ) (Seiki et al. 1999) . The high sequence conservation between the rat and the human GlcAT-S strongly suggests conserved functions of this gene in both species. Therefore, the GlcAT-S protein is probably involved in the biosynthesis of the HNK-1 carbohydrate epitope on glycoproteins in the brain.
GlcAT-S is a gene expressed in the retina and located on the long arm of chromosome 6 between the D6S455 and D6S1673 markers. RP25, a locus for autosomal recessive retinitis pigmentosa, is located in this region (Ruiz et al. , asterisk, box, circle, and underlining, respectively 1998; Marcos et al. 2000 Marcos et al. , 2001 . GlcAT-S encodes a protein involved in the biosynthesis of the HNK-1 carbohydrate epitope on glycoproteins. The role of the HNK-1 epitope in the eye may be to structurally stabilize the ciliar body and retina, and to participate in zonular attachments (Uusitalo and Kivala 2001) . In addition, an increase in HNK-1 glycoprotein and heparan sulfate proteoglycan synthesis in the inner retinal cells in response to loss of photoreceptors has been observed in various animal models of retinal degeneration (Landers et al. 1994) . For these reasons, we considered GlcAT-S an interesting candidate gene for the RP25 locus and decided to perform a molecular study of 18 probands from eight RP25-linked families. The four exons of the gene and the corresponding intron-exon boundaries of each patient were amplified using genomic DNA extracted from peripheral blood and intronic primers ( Table  1 ). The PCR products were analysed by enzymatic mutation detection (EMD) (del Tito et al. 1998 ) and sequenced as previously described (Marcos et al. 2000) . The mutation analysis of GlcAT-S among the 18 patients with RP25 did not reveal any pathogenic variants, indicating that this gene is not involved in the pathogenesis of RP25.
In summary, we presented the molecular characterization, chromosomal location, and expression of the human GlcAT-S gene. This gene, located on the long arm of chromosome 6, within 6q13 and between microsatellite markers D6S455 and D6S1673, is expressed in the retina. The gene encodes a protein involved in the biosynthesis of the HNK-1 carbohydrate epitope on glycoproteins. Although GlcAT-S was considered an interesting candidate gene for the RP25 locus, the absence of pathogenic variations in the patients with retinitis pigmentosa ruled out the gene as responsible for the RP25 phenotype. Nevertheless, the possible implication of this gene in other eye diseases that are mapped to this same chromosomal region remains to be determined.
